Thomas M. White, P.E.
For NAWTEC10, Messrs. Schwartz and White published and presented a paper on the retrofit of City of Tampa's 1000-TPD, four-unit McKay Bay Facility (l) . The original facility was constructed in 1967, as an incinerator. The first retrofit of the plant to a waste-to-energy facility occurred in 1985, and the 1999-2002 retrofit (chute to stack) enhanced the facility to current day technologies and environmental standards. This paper reviews both administrative and technical issues for the final project closeout, and describes several construction and operational improvements made in order to improve safety and optimize performance at the plant. Technical items include a remedy for excessive vibrations, addition of an ash conveyor ventilation system, successful use of boiler on-line concussion blasting, and addition of lower boiler furnace cameras.
Final Project Closeout
The McKay Bay Retrofit project was complex, lengthy, and contractually detailed in the scope of work. Work was done in three phases: preparatory electrical and mechanical work; demolish and rebuild Units 3 and 4; and demolish and rebuild Units 1 and 2. The contract with Wheelabrator McKay Bay, Inc. (WMBI) and the City of Tampa was signed on December 28, 1998; the Notice to Proceed was issued by the City to WMBI on April 1, 1999; Acceptance Tests (four lines) 35 were completed on October 31, 200 1; and Final Payment was made by the City to WMBI on October 17, 2002.
The first major hurdle to complete for project closeout was the 2,361 item punch list.
Many parties were involved in implementing the punch list work including:
WMBI Plant Maintenance and Operations Staff
Through a diligent team approach, the construction punch list was completed in approximately four months. The role of the plant staff was unique in this effort. While most of the facility had been retrofitted, certain elements of the 1984 retrofit were retained and only upgraded. These items included the 22.7 MW turbine generator, main and bypass condensers, boiler feedwater pumps, 2-cell cooling tower, water treatment systems, and associated piping, controls and instrumentation. When items relating to these systems appeared on the punch list, the plant maintenance and operations departments were assigned to complete many of the required tasks. Typical work duties included painting, piping repairs, and a unique tagging and identification system. By keeping this work in-house, WMBI personnel were able to complete much of the work in an economical and timely manner.
As the punch list was being completed, other contractual requirements undertaken included:
• WMBI certification of payments to all parties.
• Submission of all technical drawings, specifications and data.
• Submission of Record Drawings.
• Submission of 0 & M Manuals.
• Submission of Certification from Florida Department of Environmental Protection (FDEP) on the list of tax exempt items in the project.
• Submission of all purchase orders and sales tax exemption certificates in excess of $1 0,000. 
Not-So-Good Vibrations
The initial two new process lines at McKay Bay had first refuse fi res on August 24, 2000 (Unit 3) and September 10, 2000 (Unit 4). During that timeframe, the collected fly ash and bottom ash were combined, passed through a 6-in. grizzly scalper for removal of large ferrous objects, and then conveyed via a 48-in. wide, 225-ft long belt conveyor (BC-3) to the Ash Management Building (AMB). As shown in Figure 1 , conveyor BC-3 is 24-ft above a steel platfonn. This platform is 2I-ft above the AMB floor slab. The ash stream drops off BC-3 to a spreader feeder which sends the material under a drum magnet, where smaller ferrous material is removed. The ferrous coming off the drum magnet is deposited onto the ferrous pile. The remaining material drops down to a vibrating finger screen, where the ferrous I-in. or greater is captured. The ash residue that passes through the fi nger decks drops onto the belt conveyor, where it mixes with the rest of the ash. The outfall of this conveyor is the ash load-out area within the AMB. The ash stream is processed in the AMB in order to remove most of the ferrous stream and to deposit material into two piles: ash residue which is trucked to the Hills Landfill and used for cover, and the ferrous material which is trucked to a local metals recycler. As shown in Figure 2 , the ash processing system was constructed atop 20-ft high concrete support walls. Thus, all of the process equipment, main support beams, and columns rest on Figure 2 . AMB Ash Processing Equipment these concrete walls. In September, 2000, excessive vibrations were observed at elevation 31-ft 9-in. and 52-ft 9-in. platforms, as well as the pre-engineered building walls, cable trays and piping.
Although it was obvious that the vibrations were due to the movement of the vibrating equipment, an acceptable remedy was difficult to identify and implement. Many firms had provided structural elements in this ash processing system, including:
• BC-3 feed conveyor vendor
• Vibrating equipment vendor, including support steel
•
Design firm for the main support beams at elevation 31-ft 9-in.
• Pre-engineered building (installed above the concrete walls) designer/contractor.
After reviewing many recommendations, WMBI proceeded to implement the most probable solutions.
These included: stiffening the beams at elevation 31-ft 9-in., and adding bracing; and adding structural beams above the drum magnet.
In November, 2000, over 3 tons of structural steel were added to "stiffen" the main support beams at elevation 31-ft 9-in., and additional bracing was added to the support framework above elevation 31-ft 9-in. The concept was simple: stiffen the steel framework below the vibrating equipment, which should reduce the amplitude of vibrations. This structural steel was installed; however, the impact on the vibrations was negligible, at best.
After several months of further evaluation and field measurements, it was concluded 38 that the natural frequency of the spreader feeder, finger deck screen, and support structure were all approximately 12 hz. Thus, it was felt that "stiffening" the support structure above the drum magnet, as well as keeping the finger deck screen clean, would eliminate the problem. Therefore, in August, 2001, four 8WF31 beams were welded to the steel frame at elevation 56. While this second approach resulted in reduction of the vibration amplitude, it was determined to be unacceptable by the City. Figure 3 ) would respond to the movement of the structure under loaded conditions. On March 27, 2002, four dynamic balancers (see Figure 4) were attached to the structure; two below the spreader feeder and two below the fi nger deck screen. Also, the damper angles were set, in order to maximize vibration reduction. The results were immediate and successful, and vibrations were reduced to an acceptable level. Subsequent amplitude measurements at elevation 31-ft 9-in. quantified the results. "Before" and "After" results at eight locations with the greatest amplitude are listed in Table 1 . On June 6, 2002, the City of Tampa indicated that the AMB vibrations were at acceptable levels. Approximately $500,000, which had been withheld from WMBI due to the vibration problem, was then released for payment, and this technical issue was finally closed. a ferrous product and the "unders" travel via conveyor BC-3 to the AMB. Above the grizzly screen is a dust collection hood, and air is withdrawn at a rate of 12,000 ACFM.
The air system flows through a wet scrubber, and is discharged to atmosphere. The boiler areas (including the vibrating conveyors) are exposed to the weather, whereas the Scalper Building, BC-3 conveyor and the AMB are totally Following the full facility startup, there were infrequent occasions wherein a loud "pop" was heard at the plant, and portions of the vibrating conveyor covering membrane were blown off. It was obvious that a combustible gas (or gasses) was collecting below the membrane, causing a "deflagration". Based on the primary •
Schematic of Ventilation System concern of plant personnel safety, WMBI elected to hire a HV AC design finn to develop a piping exhaust scheme that would continually evacuate the air below the vibrating conveyor cover, and discharge the collected air to the exhaust hood above the scalper screen. Details of the system that was installed are shown in Figures 5 and 6 .
The piping consists of 12 air intake pipes, as well as an air intake at the start of piping, and yields a nominal 950 ACFM discharged to the scrubber intake hood. Special attention was directed toward couplings that would allow rapid pipe cleaning, and throttling valves at both ends 4L blasting instead of water washing was based on two major factors.
The first was how to minimize fire side corrosion to the units, and thus gain additional run time before costly tube change outs would be required. When using the traditional water wash method, fire side corrosion seems to be accelerated, due to the introduction of water onto tube surfaces. The rapid oxidation of iron and steel in an air and moisture environment accelerates the loss of tube surface in boilers.
The second factor is related to the moving of fi re side ash deposits through the materials handling system while the unit is online. High temperature blasting (HTB) is done in the boiler passes with tube banks.
It is well known that, boiler fouling increases over the time that a unit is online. Although boilers are equipped with mechanical rappers and soot blowing systems, over time tube surfaces and lane openings will gradually foul with ash material.
Online conCUSSIOn blasting IS accomplished utilizing a long pipe (titanium is preferred, due to its weight) with an attachment at the end to hold the charge. Water is fed through the pipe and sprayed over the charge to keep it cool, thus preventing premature detonation. When the charge is placed in the intended location, it is then detonated.
When online cleaning of McKay Bay's boilers begins (see Figure 7) , the blasting starts at the bottom of the boiler pass to clear lanes and tube deposits from the bottom of the pass on up. This prevents ash at the top of the pass from falling and clogging the boiler tube lanes, thus preventing the removal of the material from the unit and any short circuit of air flow through the sections of tube banks.
As the online cleaning moves toward completion, operators observe the economizer outlet temperature decreasing as the cleaning proceeds due to increased heat transfer on the cleaned tube surfaces. Typically, a 50° to 70° decrease in economizer outlet gas temperature occurs during online cleaning. The remaining cleaning takes place when the boiler comes offline. This cleaning does not require use of a water lance to protect the charge from premature detonation, as the boiler has cooled significantly and no deluge to the charge is needed.
It is important to note that, with two of the McKay Bay units having been running for over two and a half years, the annual UT readings taken on the boilers show no significant loss of tube surface.
Lower Furnace Cameras
The design of the boilers at McKay Bay includes upper furnace cameras, the purpose of which is to monitor upper flame heights of the fire. Depending on the flame profile, operators adjust the secondary or over fire air, so as to optimize complete combustion.
Another enhancement made during project closeout was the addition of lower furnace cameras. The need for lower cameras stems from the physical location of the control room, relative to the boiler level that affords a view of the fire. On the second boiler level, an operator can view the fire bed through a boiler sight glass. This view is from the fifth grate zone, looking up to the front of the boiler, where the feed chute and first zone are located. The control room operator can make changes, as required, to control the fire line, bed depth and burnout.
Each of McKay Bay's four boilers are rated to process 250 tons per day. From an industry-wide perspective, these are fairly small units.
The furnace fire characteristics can change quickly, with fuel moisture level changing from grapple 43 to grapple as it is fed into the charging hopper. Any unit fire line may move up or down, and the thickness of the fuel and ash bed may change rather rapidly, which in tum affects the burnout of the fuel. There have been times when operators have been unable to track changes in the fire profile without the aid of another person watching the furnace sight glass.
This can be especially problematic during Florida's ramy season.
Thus, the decision was made to place lower level cameras. These cameras are mounted on the exterior of the units, and positioned to view through the boiler sight glass. The upper furnace cameras are mounted on a directly-connected boiler tap. Instrument air blows through the camera's view port, and is exhausted into the boiler. This type of camera typically has problems with small deposits, or "clinkers", which form at the end of the view port, obstructing the view. By placing the lower furnace cameras on the exterior of the boilers, it has overcome this problem. Instrument air is piped to each camera's enclosure, keeping a positive pressure inside the shroud, thus eliminating dust buildUp. Additionally, cleaning the view port glass is much less labor-intensive than disconnecting the other camera type from the boiler tap and physically cleaning (and eroding) the view port.
The four lower furnace cameras were cabled to the control room, and split across a monitor screen, allowing the control room operator optimum viewing of the flame and ash profiles at any given moment. The operator is now able to make adjustments to ram and grate speeds, and overfire and underfire air, without the necessity of traveling to the unit whenever there is a process change or upset altering the fire line, bed depth, and/or burnout.
From an economical standpoint, the exterior-mounted cameras were one-third the cost of the cameras that mount on the side of the boiler and view the interior of the furnace through a port located on the boiler membrane between the furnace water wall tubes.
During scheduled outages, the cameras and mounting hardware are easily disassembled to provide personnel access to the inside of the furnace, as the camera's view is through the boiler glass in the entrance door.
